The repair of large abdominal wall hernias is more frequently performed using components separation.
Introduction
Open ventral abdominal hernia repair is one of the most common procedures performed in general surgery [1] . Ramirez and colleagues introduced the components separation technique (CST) in 1990 as a new method for abdominal wall reconstruction in ventral hernia repair [2] . By separating layers of the abdominal wall, this technique allows for increased mobilization of the rectus abdominis muscles to the midline [3] . This technique has been suggested for larger hernia defects when fascial closure may lead to excess tension, resulting in a greater risk of failure or respiratory compromise. While several studies have shown successful results and improved recurrence rates with this technique, they have not all been consistent [5e10] . There have also been increased wound healing complications seen with this technique, though this finding has also not been consistent in comparison studies [9e12] . There is minimal literature discussing the incidence of complications or additional costs that might result from use of this technique [3, 5, 8] when compared to more traditional repairs of large abdominal wall hernias. Further, almost all reported data is based on a single surgeon or institution's experience.
The American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) provides a large multi-center database allowing for risk stratification from analysis of postoperative outcomes. While components separation may reduce the incidence of recurrent hernia in patients with large fascial defects, does this result in a greater morbidity or cost? The NSQIP database presents a useful tool to look at both surgical and medical morbidity by creation of a cohort of patients undergoing prosthetic repair of abdominal wall hernias with and without components separation [12, 13] .
Methods

Population
The Human Research Committee approved this study . The 2005e2012 ACS-NSQIP participant use data files were accessed on February 1, 2014. These files were queried to identify all patients undergoing ventral hernia repair (VHR). Current procedural terminology (CPT) codes were used to identify the following inpatient open hernia repairs: 49,560, 49,561, 49,565, and 49,566. Concurrent use of components separation technique (CST) was identified with CPT code 15,734. Patients undergoing repair of small abdominal wall hernias without prosthetic reinforcement and emergency surgery were excluded. The participant user file (PUF) was used to identify all patients undergoing abdominal wall hernia repair with and without components separation (last accessed February 24, 2014) .
In 2012, over 250 academic and community hospitals participated in ACS-NSQIP throughout the country. Trained clinical reviewers collect data on patient demographics, medical history, laboratory values, operative, and post-operative data points. Patients are contacted in writing or by telephone for complete 30-day follow-up. Data is collected on randomly assigned patients and entered online in a HIPAA-compliant, secure, web-based platform. Each variable is defined in the NSQIP manual and ACS monitors data collections stringently with periodic random audits to ensure accuracy and standardization.
Independent variables
NSQIP variables for analysis of the two groups were selected to include demographics, baseline health characteristics, pertinent comorbidities, American Society of Anesthesiologists (ASA) class, wound class, and case complexity via CPT code. Demographics selected were age, gender, and BMI. Baseline health characteristics included current smoking within one year of operation, functional health status and level of dyspnea. Comorbidities selected were diabetes on oral medications or insulin, hypertension requiring medication, dialysis requirement, ascites within 30 days of surgery, chronic use of steroids, and medical history of chronic obstructive pulmonary disease, congestive heart failure, and myocardial infarction. These groups and their characteristics are identified in Table 1 .
Matched cohort
Matching was done to minimize selection bias given the nonrandomization for use of CST in a given abdominal wall hernia repair. Variables were identified that are most significant in producing a set of VHR patients similar to patients undergoing concurrent CST. These variables were used to develop a propensity score for each patient enabling creation of a cohort of 2245 matched pairs. The independent variables were analyzed again to ensure an adequate match and identify differences that may have persisted ( Table 2) . A primary outcome analysis was performed to identify differences in operative duration, hospital length of stay, surgical length of stay, 30-day morbidity and mortality (Table 3) . A secondary analysis was performed to identify differences in the 21 NSQIP-defined post-operative occurrences. These include superficial and deep incisional surgical site infections, organ/space surgical site infection, wound disruption, pneumonia, unplanned intubation, pulmonary embolism, presence of mechanical ventilation greater than 48 h, progressive renal insufficiency, acute renal failure, urinary tract infection, stroke/CVA with neurological deficit, presence of coma greater than 24 h, peripheral nerve injury, cardiac arrest requiring cardiopulmonary resuscitation, myocardial infarction, administration of blood transfusion, graft/prosthesis/flap failure or loss, deep vein thrombosis or thrombophlebitis, sepsis, and septic shock (Table 4) .
Statistical analysis
Independent variables were analyzed in both populations before and after matching using z-tests as continuous variables were separated into distinct components for analysis. P-values were determined to be significant at a level lower than 0.05. Z-test and t-tests were used to analyze differences in the selected outcomes between the two groups. A secondary analysis was performed on 30-day morbidity outcomes using Pearson's chi-squared tests in a family-wise manner. P-values for all tests measuring outcomes were determined as significant if less than 0.05.
Results
A total of 68,439 VHR cases were identified in the ACS-NSQIP PUF database from 2005 to 2012. 2245 VHR cases were identified where components separation was performed. 66,194 VHR cases were identified without components separation as a comparison. Comparisons between these two groups seen in Table 1 reveal differences in several categories. Patients undergoing concurrent separation were more often male, between the ages of 30 and 60, obese (BMI>30), and with a higher ASA class. These patients have proportionately higher rates of COPD, hypertension requiring medication, diabetes on oral agents or insulin, and dyspnea on exertion. Patients undergoing components separation had more complex abdominal wall hernias with a greater proportion being recurrent and incarcerated. Their wounds had higher proportions in the clean-contaminated, contaminated, and dirty categories. After creating a cohort of 2245 matched pairs, these cases still had a higher proportion of obese patients and a lower proportion of normal patients though other categories of BMI now showed comparable proportions.
Primary outcome analysis highlights several important differences (Table 3) . A significantly higher proportion of patients undergoing concurrent CST required a return to the operating room (VHR: 3.7% vs. CST: 5.9%, P < 0.001). Hospital length of stay was increased by 2.6 days with CST. (VHR: 3.8 vs. CST: 6.4, p < 0.001) Operative duration was also significantly longer by 82.6 min (VHR: 105.2 vs. CST: 187.8, p < 0.001).
Secondary evaluation was performed using a family-wise analysis (Table 4) . We found a significant increase in deep incisional SSI (VHR: 1.8% vs. CST: 4.8%, p < 0.001), organ/space SSI (VHR: 0.8% vs. CST: 2.7%, p < 0.001), and wound disruption or dehiscence (VHR: 0.45% vs. CST: 1.87%, p < 0.001). We also found a difference in superficial SSI that approached significance (VHR: 5.0% vs. CST: 7.1%, p < 0.064).
Our analysis reveals differences of 0.1% in estimated 30-day mortality (p < 0.004) and 2.5% in estimated 30-day morbidity. (VHR: 7.6% vs CST: 10.1%, p < 0.001) These estimated probabilities are derived by NSQIP for each individual case from pre-existing conditions using an algorithm for hierarchical regression analysis. They are calculated using the previous 12 months of data so that both the algorithm and data change over time. In comparison, we found differences of 0.30% in actual 30-day mortality (p ¼ 0.255) and 12.87% in actual 30-day morbidity (VHR: 11.1% vs CST: 24%, p < 0.001).
We did find a significant difference in the following respiratory complications: pneumonia (VHR: 1.2% vs. CST: 3.7%, p < 0.001), unplanned intubation (VHR: 0.8% vs. CST: 3.3%, p < 0.001), and dependency on mechanical ventilation for greater than 48 h (VHR: 1.0% vs. CST: 3.9%, p < 0.001). The following complications were also increased in patients undergoing CST: progressive renal insufficiency (VHR: 0.1% vs. CST: 1.2%, p < 0.001), myocardial infarction 
Discussion
Abdominal wall hernia repair is one of the most common surgical procedures. The decision of how to repair a complex ventral hernia is a difficult one, and there are few evidence-based guidelines that guide pre-operative decision-making and risk counseling. Components separation is a significant technical advancement that allows for improved myofascial mobilization in the midline repair of large hernias. This technique most commonly involves anterior abdominal wall dissection with transection of the external oblique aponeurosis allowing for medialization of the rectus abdominal muscles. Several variations in its technique have also been described including a posterior technique with separation of the posterior rectus sheath, retrorectus dissection, release of the transversus abdominis; peri-umbilical perforator sparing technique in anterior dissection; and endoscopic separation [11, 14, 15] . Physiological changes have been identified as a result of this technique with hypertrophy of abdominal wall musculature on follow-up CT scans [16] . Anatomical studies have found progressive decrease in tension with release of each muscle layer [17] . Significantly improved recurrence rates have been reported when components separation allows for primary fascial closure [9] . Despite its potential long-term benefits in hernia repair, morbidity from the technique has not been fully described. Previous studies reporting morbidity focused primarily on wound complications and in noncontrolled settings [18, 19] .
The ACS-NSQIP database provides risk-adjusted early outcome data following.
common surgical procedures [20] . We used this national, multi center database to characterize the population undergoing concurrent components separation technique and appropriately select a comparable cohort of patients for outcome analysis. The population of patients undergoing concurrent components separation has a greater proportion of medical comorbidities, which has been independently shown to contribute to worse post-operative outcomes [12] . More patients receiving components separation are obese. Obesity is itself a costly, pervasive risk factor associated with numerous complications, specifically in hernia repair [4, 21] . The population undergoing components separation has greater proportions of contaminated wounds and complex hernia cases. Contaminated wounds have been shown to lead to increased postoperative surgical site occurrences [22, 23] .
By creating a matched cohort of ventral hernia repair patients using a propensity model, we attempted to control for the inherent selection bias present in repairs undergoing components separation technique. Our cohort ultimately consists of patients from the VHR group that would be expected to have received components separation based on similarities in pre-operative and operative characteristics to patients in the CST group.
While the difference in mortality is not significant, we report a large, significant difference in morbidity. Our results confirm that NSQIP estimates can help predict the likelihood of post-operative events. However, when using components separation technique, these estimates may under predict adverse events. The actual morbidity in our CST group was much higher than that predicted by the NSQIP model.
Our data on the risk of surgical infection is corroborated by single-institution studies showing similar increased results of wound complications [18, 19] . Our results suggest that the increased morbidity from this technique is predominately composed of deeper wound infections in line with components separation technique involving a deeper flap-based dissection. Fischer et al. [21] have previously reported respiratory complications in components separation. However, in their analysis, they report obesity as the predominant contributing factor. We report an independent association between concurrent CST and respiratory events. Further, we found significant differences in renal insufficiency, myocardial infarction, need for blood transfusion, sepsis and septic shock that have not previously been reported.
Components separations' risk for wound complications has been well documented in the literature. Our results indicate significant medical complications in addition from this technique. The dissection needed for flap creation with resultant ischemia of abdominal wall layers cannot be discounted in the short-term as this presents a significant strain on a patient's physiological system. The healing consequent to this type of surgical procedure requires increased metabolism with the potential for wound complications if healing is disrupted or host factors are inadequate. This may further predispose to medical morbidity during recovery. Increased operative time has been independently shown to increase morbidity. Procter et al. found that with each additional half hour of operating time, infectious complications increased by almost 2.5% and length of stay by 6% [24] .
Returns to the OR result in additional costs. These cases are done on an urgent/emergent basis and require use of additional medical personnel during nonscheduled hours. Increased post-operative events cause an additional financial burden. Each additional day in the hospital carries a significant cost and the increased length of stay associated with CST (2.6 days) was significant.
The present study has some key limitations. First, this analysis and patient selection rely exclusively on the retrospective, multiinstitutional data entry into the NSQIP database. One potential problem is that the patient populations might have intrinsic differences, factors predisposing to or the result of a large, complex hernia. The decision to use components separation is a surgeon's preference typically dependent on the patient's health status and the nature of their hernia. Our initial demographic analysis indicates component separation is used more frequently in contaminated cases and with recurrent, incarcerated cases. Wound class and case complexity are the primary attributes of case presentation our analysis will account for. By matching, we are able to control for a number of factors but only these selected demographics and characteristics, our analysis cannot account for other intrinsic differences not tracked by NSQIP such as the size or nature of the hernia defect. NSQIP has begun recording mesh and hernia defect size data in 2013, which could potentially act as an appropriate surrogate in a future study. Other hidden, untracked variables with differences between our cohort populations may exist. While our analysis excludes emergencies, some of these cases are performed on an urgent basis and subsequent repairs after failed attempts may be planned in an elective fashion. Further, even after matching, some differences may persist in the dataset. In our matched cohort, patients in the CST group were still more often obese. As mentioned previously, obesity has been shown to be a risk factor for increased complications of any type, which may confound our results to a degree.
Second, we are unable to distinguish between different methods of components separation. As previously discussed, beyond an anterior dissection for components separation, a posterior component separation can be performed with retrorectus dissection, release of the posterior rectus fascia, and release of the transversus abdominis muscle layer [25] . Posterior techniques minimize anterior dissection and creation of large lipocutaneous flaps; they have been reported to reduce wound complications as well. Krpata et al. found improved recurrence rates from 14% to 3% (p ¼ 0.09) and decreased wound complications from 48% to 26% (p ¼ 0.01) using posterior CST [8] . Peri-umbilical perforator sparing technique releases the external oblique superiorly and inferiorly minimizing flap creation and similarly has shown decreased wound complications [14, 25, 26] . Currently, unless the technique is performed laparoscopically, these would all be coded similarly and included in the present study. We believe that their potential inclusion actually further strengthens the reported data. These techniques aim to minimize morbidity; thus, the persistence of significant differences emphasizes the results.
While the study points to inherent morbidity resulting from use of components separation, the improved recurrence rates and potential for enhanced abdominal wall physiology in hernia repair should not be overlooked. Novel techniques to limit the amount of dissection, flap and resultant dead space creation are being investigated and should be analyzed for associated outcomes. Fox et al. found an improvement to 6% of wound complications from 27% when comparing laparoscopic to open CS [27] . Other studies have also identified decreased wound-healing complications with minimally invasive techniques [28, 29] . Giurgius et al. found a decrease in wound complications using endoscopic technique [11] .
When using a clinical algorithm to determine the best technique for hernia repair, significantly decreased recurrence rates and wound complications have been reported with components separation [30, 31] . Clinical algorithms that help indicate the most appropriate method of repair might allow for an individualized approach that could produce better outcomes. Further investigation should be performed to determine if medical morbidity is also reduced with these approaches. Consensus guidelines might be developed from further analysis that could assist surgeons in the choice of repair, patient selection and pre-operative planning.
Summary
While components separation may offer long-term advantages in hernia repair, an analysis of propensity-score matched patients shows that use of this technique might increase the cost and morbidity when compared to more traditional ventral hernia repair. Innovative strategies should be investigated with continued use to guide the selection of abdominal wall hernia repair and improve both early and long-term patient outcomes.
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